isolation, however, the GAE observation was not useful since the isolates could not tolerate the temperature at 37°C. Thus, an in vitro cytotoxicity assay against target cells was employed. In general, virulent amoebae that developed GAE in mice had the cytotoxic effect on the target cells (Pidherney et al., 1993; Dove Pettit et al., 1996) . The Korean isolate, Acanthamoeba sp. YM-4, isolated from fish gill, had the cytotoxicity against the chinese hamster ovary (CHO) cells shown by the crystal violet staining method and the results were consistent with the in vivo pathogenicity (Shin et al., 1993) . Recently, a lactate dehydrogenase (LDH) release assay, which detects LDH released from the cell membrane during the cell lysis of the target cells, was employed to observe the cytotoxicity of microorganisms. In this study, eight strains were isolated from contact lens containers which could be a possible source of infection for amoebic keratitis. In addition, the crystal violet staining method and LDH release assay were carried out to observe the cytotoxicity of Acanthamoeba spp. isolates in Korea.
Eight strains of Acanthamoeba isolated from contact lens containers in Korea (in 1997, by Prof. D.I. Chung and their collaborators) and a few reference amoebae such as A. culbertsoni, A. healyi, A. royreba, A. castellanii, A. hatchetti, and A. polyphaga (Table 1) were axenically cultured in PYG (Proteose Peptone, Yeast extract, Glucose) medium (Visvesvara and Balamuth, 1975) at two different temperatures of 25°C and 37°C. The lysate preparation of Acanthamoeba was done by the method of Shin et al. (1993) . For the cytotoxicity by the crystal violet staining method, CHO cells were cultured as the target cells in Earle's minimal essential medium (EMEM, Sigma) at 37°C in CO 2 incubator. The procedures were also used as the previous paper (Shin et al., 1993) . The cytotoxicity by the LDH release assay was observed with CytoTox 96 TM Non-Radioactive Cytotoxicity Assay Kit (Promega, WI, USA). About 1x10 4 CHO cells were prepared in a round-bottomed 96 well plate with 100 µl of EMEM. The amoeba lysates at the concentrations of 0.5 mg/ml, 1 mg/ml and 3 mg/ml were added to each well, and five sets of triplicate wells for the controls were prepared. A casted plate was incubated in a humidified chamber at 37°C and in a 5% CO 2 incubator for 45 min, and centrifuged at 250 g for 4 min. The supernatant (50 µl) from each well was transferred to a fresh 96 well flat-bottom plate. Equal volumes of the reconstituted Substrate Mix (supplied by manufactory) were added to each well. The plate was covered with foil to protect it from light and was incubated at a room temperature for 30 min. Fifty microliters of Stop Solution were added, and after 1 hr, the absorbance was recorded at 490 nm. Pussard and Ponds (1977) . b) not known
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Control 1 (c1) contained only CHO cells in 100 µl of EMEM Control 2 (c2) contained CHO cells and 10 µl of Lysis Solution Control 3 (c3) contained only each amoeba lysates Control 4 (c4) contained 10 µl of Lysis Solution and 100 µl of EMEM Control 5 (c5) contained only 100 µl of EMEM Among eight Korean isolates, isolate 3 showed 83.6% and 81.8% of cytotoxicity by the crystal violet staining method at the concentrations of 1 mg/ml and 0.5 mg/ml lysate treatments, respectively. Isolate 7 showed 28.2% and 25.1% of cytotoxicity at the same lysate concentrations as above (Table 2 ). In the treatment of 1 mg/ml amoeba lysate, A. culbertsoni and A. healyi which are known as the high virulent species, showed 84.0% and 82.8% of cytotoxicity, respectively (Table 2) . Similar results were shown for A. castellanii and A. hatchetti with 83.6% and 75.5% of cytotoxicity. When the concentration of lysates was decreased to 0.5 mg/ml, the same results were observed (Table 2) . Acanthamoeba royreba and A. polyphaga, which are known as the low and medium virulent species of Acanthamoeba in experimental GAE developments, showed 9.0% and 1.7% of cytotoxicity in the treatment of 1 mg/ml lysate, respectively (Table 2 ).
In the LDH release assay, six reference amoebae showed similar degrees of cytotoxicity, which ranged from 7.2% to 11.0%, however it was not a dose-dependent manner (Table 3) . Isolate 3 showed relatively higher level of cytotoxicity (20.4%) than the other isolates in the treatment of 1 mg/ml lysates. When the concentration of lysates increased to 3 mg/ml, isolates 3 and 7 showed higher cytotoxicity (38.4% and 34.2%) than the other isolates (Table 3 ).
In our preliminary study, to elucidate the pathogenicity of Acanthamoeba spp. by the experimental GAE developments, 1x10 5 of trophozoites of isolate 3 were inoculated intranasally into ten mice, but the death of mouse was not observed for two months (data not shown). It is guessed if isolate 3 is adapted at 37°C through very long-termed cultivation, amoeba may cause the experimental GAE development. An in vitro cytotoxicity assay using the crystal violet staining method, Shin et al. (1993) reported that the lysate (1 mg/ml) of Acanthamoeba sp. YM-4 (Korean isolate) had the 99% cytotoxicity against CHO cells in comparison with A. culbertsoni and A. polyphaga, 100% and 31.5%, respectively. In this study, among eight Korean isolates from contact lens containers, isolate 3 showed high degree of cytotoxic effects as much as A. culbertsoni, A. healyi, A. castellanii and A. hatchetti, and isolate 7 showed moderate degree of cytotoxicity.
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When using the LDH release assay, six reference amoebae showed no corresponding level of cytotoxicity to the degree of pathogenicity which was shown by the experimental GAE development, although isolates 3 and 7 showed higher levels of cytotoxicity than the other isolates. Unfortunately, the present study suggested that the LDH release assay could not be applied on the observation of cytotoxicity in Acanthamoeba against CHO cells as the target cells. In comparison to the crystal violet staining method that needs the adherent ability of CHO cells, the LDH release assay requires that the cell wall of target cells should be lysed. Thus, in the observation of cytotoxic effects of Acanthamoeba using CHO cells as the target cells, the crystal violet staining method was more useful than the LDH release assay.
Finally, the results revealed that at least isolate 3 has the cytotoxic effect against CHO cells and seemed to be the most pathogenic strain among eight isolates. In the further study, in vivo experimental GAE developments must be observed.
